Multiple species within the basidiomycete genus, Cryptococcus, cause cryptococcal disease. These species are estimated to affect nearly a quarter of a million people leading to approximately 180,000 mortalities, annually. Sexual reproduction, which can occur between haploid yeasts of the same or opposite mating type, is a potentially important contributor to pathogenesis as recombination can generate novel genotypes and transgressive phenotypes. However, our quantitative understanding of recombination in this clinically important yeast is limited. Here we describe genome-wide estimates of recombination rates in Cryptococcus deneoformans and compare recombination between progeny from α-α unisexual and a-α bisexual crosses. We find that offspring from bisexual crosses have modestly higher average rates of recombination than those derived from unisexual crosses. Recombination hot and cold spots across the C. deneoformans genome are also identified and are associated with increased GC content. Finally, we observed regions genome-wide with allele frequencies deviating from the expected parental ratio. These findings and observations advance our quantitative understanding of the genetic events that occur during sexual reproduction in C. deneoformans, and the impact that different forms of sexual reproduction are likely to have on genetic diversity in this important fungal pathogen.
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Figure 3
Genome-wide crossover hot and cold spots. In grey, the recombination frequencies (y-axis) for segregants from the α-α unisexual and a-α bisexual crosses along each of the fourteen chromosomes. Crossovers occur within an inter-marker interval and are detected as a change in genotype between consecutive SNPs. Bins, 41.5 kb wide, were used to segment each chromosome. For bins identified as crossover hot spots (red), the number of crossovers detected is labeled underneath. All crossover cold spots (blue) have zero detected crossovers. Locations of centromeres and the MAT locus are displayed as black bars and a green bar respectively. Note, the y-axis has been truncated in many instances to visualize crossovers along each chromosome.
Figure 4
Allelic distortions along chromosome one in segregants from a-α bisexual crosses. Haplotypes (blue indicating inheritance from XL280a, orange from 431α) for 22 segregants from the a-α bisexual crosses, grouped by basidium of dissection. Circled in red is a region, in a single basidium, exhibiting allelic distortion in the direction of 431α. Circled in blue is a region that exhibits allelic distortion (towards XL280a) across multiple basidia. This second region overlaps with a region of allelic bias as determined from analysis of all progeny from the bisexual crosses. Other regions of allelic distortion are present in this figure. The position of the centromere is displayed as a black bar.
Figure S1
Distribution of inter-marker interval size across progeny from the from the XL280a × 431α and XL280αSS × 431α crosses. The total number of inter-marker intervals is 86,753. There are 86,278 inter-marker intervals with size < 2 kb. Only 0.548% of the inter-marker intervals have a size greater than 2 kb (data not shown). The median inter-marker interval size is 87 bases.
Figure S2
Distributions of crossovers per chromosome. The means of each distribution are displayed as red and black vertical lines for the segregants from the unisexual and bisexual crosses, respectively. "*" indicates chromosomes that show significant difference in the mean number of crossovers per segregant between progeny from the α-α unisexual unisexual (red) and a-α bisexual bisexual (black) crosses. 
Figure S4
Distributions of GC content for sequences associated with recombination hot (red) and cold (blue) spots. Vertical lines show mean GC content for sequences associated with recombination hot (red) and cold (blue) spots.
Figure S5
Poly(G) motif associated with crossover hot spots. This motif was found in all of the randomly chosen 100 inter-marker interval sequences associated with crossover hot spots submitted to MEME.
Figure S6
Allele bias in segregants from bisexual crosses. The genome-wide frequencies of the 431α parental allele in the 39 progeny from the a-α bisexual crosses. Triangles denote five regions along chromosomes one, two, four, six, and twelve with lengths of ∼ 364, 260, 303, 41, and 60 kb, respectively, biased towards the XL280a parental allele. Solid and dashed lines indicate an allele frequency of 0.5 and the median, genome-wide allele frequency of 0.46, respectively.
Figure S7
Size of haplotypes deviating from the expected 2:2 parental allele ratio. A) the log 10 of haplotype size with distorted allele frequencies per chromosome. B) the percentage of haplotypes with distorted allele frequencies with the XL280a parental allele per chromosome.
Figure S8
Genome-wide analysis of distorted haplotypes. The log of the average number of haplotypes within a basidium with allele frequencies deviating from the expected 2:2 parental ratio as a function of chromosome length is shown. The blue line represents a log-linear model, shaded regions represent the 95% confidence interval for regression estimates. Numbers dictate chromosomes.
